Semi-empirical calculations (CND0/2) on the structure of the uronium ion are presented. Assuming a planar ion with fixed bond lengths, the bond angles involving the heavy atoms can be calculated with fair accuracy, Changes in bond length and angles, which occur upon protonation of the urea molecule, can be explained by the calculations.
INTRODUCTION
The site of protonation in the amide group (carbony oxygen or amine nitrogen atom) has been the object of a number of studies. The results obtained by different methods and even by different workers using the same experimental techniques are controversial. The infrared spectra of uronium nitrate have been used to prove 0-protonation's 2 as well as N-protonation3*4, The results of investigations by nuclear magnetic resonance have been reviewed recently by Stewart and Siddall'. Theoretical calculations using ab inifio electrostatic molecular potential&' favour 0-protonation. On the whole, surveying the work in this field, it can be concluded' that there is much more evidence for 0-protonation than for N-protonation.
THE URONIUM ION
In the case of uronium nitrate the existence of O-protonated uronium ioiis, in the solid state, has been established both by neutron' and X-ray diffractiong. 0-(or S-) protonated ions have aIso been found in the crystal structures of Nmethyluronium nitrate' o and thiouronium nitrate' '. The diffraction studies on uronium nitrate show that the uronium ion is planar within experimental accuracy. Bond lengths and angles as determined by X-ray diffraction are given in Table 1 together with the corresponding values for the urea molecule". The numbering of the different atoms is given in Fig. 1 . From the table it can be seen that the following changes occur when urea is protonated at the oxygen atom:
1. The C-O bond becomes longer 2. The C-N bond is shortened 3. The two N-C-O angles, which are equivalent in the urea molecule, become significantly different.
The same changes in bond lengths and angles are also found in N-methyluronium nitrate1 O and t~ouronium nitrate",
SEMI-EMPIRICAL CALCULATIONS
In order to see whether semi-empirical calculations might be successful in predicting the changes in geometry which occur when urea is protonated, we carried out a number of calculations by the CND0/2 method13. The program used was a slightly modified version of a program written by Segal14 and distributed by the Quantum Chemistry Program Exchange.
As the number of parameters which can be varied in the uronium nitrate structure is too large to make a complete minimalization of the energy feasible, we used a model with a number of constraints. In accordance with experimental evidence the uronium ion was assumed to be planar. The C-O and C-N bond lengths were kept fixed at the experimental values. Bond lengths and angles involving hydrogen atoms were set equal to 1.00 Hi and 120" respectively. By these assumptions the number of parameters which can be varied independently is reduced to two: the angles a and /3 defined in Fig. 1 . In the urea molecule, where the two O-C-N angles are equivalent, only one parameter, the angle CL, remains when the constraints are applied_
BOND ANGLES
The total energy (sum of electronic energy and core repulsion terms) was calculated for the urea molecule for different values of a. The bond lengths in the urea molecule were assumed to be the same as in the uronium ion. Values of the total energy computed are given in Table 2 From Fig. 3 it becomes evident that the calculated energy minimum is not far from the experimental one. Summarising the results of this section it can be stated that-using the above mentioned constraints on the geometry-the CND0/2 method is capable of predicting the changes in bond angles which occur on protonation.
BOND LENGTHS
When urea is protonated measurable changes in bond lengths take place. The shortening of the C-N bond and the lengthening of the C-O bond can be readily explained by a Valence Bond (resonance) model as shown by Worsham and Busing*. A simple Molecular Orbital model involving x electrons only, also gives an explanation for the experimental facts. The urea molecule is a 7~ system, containing 6 electrons. The 7~ system extends over the C, N and 0 atoms, accounting for the planarity of the molecule and the Iengths of the C-N and C-O bonds, which are intermediate between a single and a double bond. When urea is protonated at the oxygen atom, the n electrons will become more localized at that atom. The resulting effects on the bond orders are: an increase in the C-N bond order and a decrease in the C-O bond order. n bond orders calculated by means of the CNDO/2 procedure are given in Table 5 . The figures given are consistent with the experimental result on bond lengths in the urea molecule and the uronium ion. 
ION
Computations were performed at the point of minimal total energy using the constraints on ge- 
